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Background: Seafood is recognized as an excellent dietary source to several beneficial nutrients 
yielding positive health effects and is a recommended part of a healthy diet. Seafood is also a 
source of contaminants, such as mercury (Hg), which is a neurotoxic heavy metal of food safety 
concern. Humans are predominately exposed to Hg and more precisely the hazardous organic 
chemical form methylmercury (MeHg) through seafood consumption. Total hair mercury 
(THHg) concentration is an accepted proxy for MeHg exposure.  
 
Objective: To investigate seafood consumption, estimate MeHg exposure from seafood 
consumption, determine THHg concentrations and measure the change in these parameters, 
among adolescents participating in a three-armed intervention with oily fish, meat or omega-3 
supplements in the Fish Intervention Studies Teens (FINS-TEENS) trial. 
 
Methods: Adolescents living in Bergen, Norway, participating in the FINS-TEENS trial were 
randomized (n=478) to receive school lunch meals with either oily fish or meat, or omega-3 
supplements, three days a week for 12 weeks. Seafood consumption and MeHg exposure were 
estimated using a food frequency questionnaire (FFQ) pre- and post-intervention. Hair samples 
were collected pre- and post-intervention and THHg concentrations were determined using a 
direct mercury analyzer method (DMA-80) (n=116).  
 
Results: Pre-intervention median seafood consumption was 277 g/week, median MeHg exposure 
was 18 μg/week, and median THHg concentration was 127 μg/kg. No significant changes in 
seafood consumption were found within any groups from pre- to post-intervention, but seafood 
consumption was significantly higher in the fish group compared to the omega-3 group post-
intervention (p=0.13). A significant decrease in estimated MeHg exposure was found in the 
study population (p=0.007) and omega-3 group (p=0.012), as well as a borderline significant 
decrease in the fish group (p=0.05). No significant differences were found between the three 
intervention groups in THHg concentrations (p=0.241) or in the change of THHg concentrations 
(ΔTHHg) (p=0.914) post-intervention. Medium positive correlations were found pre-intervention 





estimated MeHg exposure and THHg concentration (r=0.33, p<0.01). Post-intervention there 
was also a medium positive correlation between total seafood consumption and THHg 
concentration (r=0.364, p<0.01). When analyzing by intervention groups, small, medium and 
medium correlations were found in the fish (r=0.257), meat (r=0.361) and n-3 (r=0.472) group, 
respectively.  
 
Conclusion: School lunch meals with oily fish did not lead to a significant increase in seafood 
consumption, estimated MeHg exposure or THHg concentration. Median baseline seafood 
consumption in this study population is below the dietary recommendations. The median 
estimated MeHg exposure and median THHg concentration were within the tolerable intake level 
set by the European Food Safety Authority (EFSA) and reference dose set by the United States 
Environmental Protection Agency (USEPA), respectively. More research on MeHg exposure and 
THHg concentrations in adolescents is desired, preferably in a population with seafood 
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  Nutrition in adolescents 
 Dietary recommendations 
The Norwegian directorate of health has provided national nutritional recommendations to 
promote public health and prevent chronic diseases. These are summed up in thirteen dietary 
guidelines addressing diet and nutrition as well as physical activity. Even though they are mainly 
directed at healthy adults, these advice can also be applied to people in other stages of life, such as 
children, adolescents, elderly, pregnant and lactating women, as well as individuals with an 
increased risk of disease (1). 
 
In short, the recommendations are to maintain energy balance by keeping a diet which is mainly 
plant-based, with plenty of vegetables, fruits and berries, whole grain and fish, whilst limiting the 
intake of red and processed meat, added sugar, salt, saturated fats and energy dense food products. 
Fruits, berries, vegetables, whole grain products and low-fat dairy products should all be eaten on 
a daily basis, and water should be the main choice of beverage (1).  
 
 Consumption in adolescents 
A nationwide dietary survey published in 2015, “Ungkost 3”, mapped the diet of 608 9-year-olds 
(4th graders) and 657 13-year-olds (8th graders) in primary school and middle school respectively 
(2). The results implied that the diet among the participants was quite close to the health 
authorities’ recommendations in several areas, though with significant shortcomings in other: Of 
the total energy intake in the diet of 13-year-olds, saturated fats made up 14% and added sugar 
amounted to 12%, both being above the recommended <10% (1, 2). Also, the amounts of 
vegetables, fruits, fish, vitamin D and iron (Fe) in the diet were all below the recommendations, 
even when including supplement intakes in the calculations. Nutrient supplements were consumed 
by 43%; 17% took cod liver oil, 11% took omega-3 (n-3) supplements, 22% took multivitamins, 
11% took other vitamin/mineral supplements such as vitamin C or Fe (2). 
 
Amongst the 8th graders, 59% reported to eat lunch every day, even though 70% reported to bring 





a week. The survey mentions underreporting from the 8th graders as a weakness with the study, 
and that the survey seems to present a more favorable average diet than what is actually the case 





In this thesis, the term seafood includes vertebrate and invertebrate aquatic animals, with fish being 
the largest group within the term. Included are farmed or wild aquatic animals, of freshwater or 
marine origin, with the exception of jellyfish, aquatic reptiles, echinoderms and aquatic mammals 
(3). Fish and seafood are often used interchangeably in literature, and the same will therefore 
sometimes be seen in this thesis.  
 
Fish and seafood are sources of several beneficial nutrients such as high-quality protein, vitamin 
D, vitamin B12, the polyunsaturated long chain fatty acids eicosapentaenoic acid (EPA 20:5 n-3) 
and docosahexaenoic acid (DHA 22:6 n-3), selenium and iodine. On the other hand, fish and 
seafood can also accumulate high levels of contaminants and toxic elements such as mercury (Hg), 
dioxins and dioxin-like polychlorinated biphenyls (dl-PCBs) raising human health-related 
concerns (1, 4-6).  
 
The risk-benefit assessment by the Norwegian Scientific Committee for Food and Environment 
(Vitenskapskomiteen for mat og miljø, VKM) concluded in 2014 that the levels of contaminants 
in fish present negligible risks and are of no concern for consumers (4). On the other hand, a new 
assessment by the European Food Safety Authority (EFSA) in 2018 led to a new tolerable weekly 
intake (TWI) level for dioxins and dl-PCBs being set (7). The new TWI is seven-times lower than 
the 2001 EU limit set by the European Commission’s Scientific Committee on Food. Following 
this, a new risk-benefit assessment from VKM is in preparation as well, expected to be published 







 Health benefits 
Fish consumption has been shown to provide positive health effects, preventing cardiovascular 
diseases in particular (5, 9). It is important in utero as well as during infancy in regard to cognitive 
development and can contribute to the preventing of cognitive decline and dementia (5). VKM has 
concluded that these positive health effects of fish consumption can be seen when consuming from 
1-2 dinner servings of fish per week, and up to 3-4 servings per week. Because the number of even 
higher fish consumers was limited in epidemiological studies, no firm conclusions could be drawn 
on risk and benefit in individuals consuming larger amounts than 3-4 servings of fish per week (4). 
 
 Dietary recommendations 
When it comes to fish and seafood, it is recommended to eat fish for dinner 2-3 times a week, 
equivalent to 300-450 grams of pure fish, of which 200 grams ought to be oily fish, such as 
mackerel, salmon and trout (1). Using fish as bread spread is highly encouraged as well and six 
portions of bread spread is the equivalent to one dinner portion. Shellfish, though not specifically 
included in these recommendations, are recommended as part of a healthy diet as well (1). These 
recommendations on fish intake are similar to, though generally a little higher than, 
recommendations in other western countries (10-14).  
 
Though these recommendations are applicable for most groups of the population, certain groups, 
such as pregnant women, are advised to limit consumption of some fish and seafood during 
pregnancy because of their potential to contain contaminants, such as Hg. Specifically, these are 
fish liver, freshwater fish such as pike, perch >25cm, trout >1kg, char >1kg, as well as brown meat 
from crab, seal meat, Greenland halibut >3kg, shark, skate, swordfish, and fresh tuna (15). 
Choosing to avoid all fish and seafood, or consume less than 1-2 servings per week, may lead to a 
lack of beneficial nutrients for pregnant women and their fetuses, so these women should follow 
the general recommendations on fish consumption even though there are some limitations to the 









 Consumption of fish in adolescents 
According to “Ungkost 3”, the 13-year-olds had an average fish intake of 24 g/d, equivalent to 168 
g/week. Of all participants, 28% reported taking fish-based supplements like cod liver oil or n-3 
capsules (2). 
 
A similar nationwide dietary survey published in 2011, “Norkost 3”, mapped the diet of the adult 
population of Norway, aged 18 through 70 years. It concluded that the fish consumption is too low 
in a large part of the adult Norwegian population, as only one third of the population followed the 
recommendations (16). 
 
Similar trends have been observed in other European countries: A German survey found the 
mean fish intake among adolescents age 13-14 years to be 97 g (males) and 71 g (females) per 
week, but when only including the actual fish consumers in these groups, the mean intake was 
243 g (males) and 189 g (females) fish per week (17). In a national diet survey in the UK 
published in 2017, only 5.3% met the fish recommendations of ≥ 280 g of fish/week among 12-
18 year-olds, with a mean total fish intake of 73 g/week (14, 18). In a cohort among Danish 
adolescents, the median weekly fish intake was 75 g, though higher in boys than girls (19). 
Adolescents from 10 European cities aged 12.5-17.5 years reported a mean fish intake of 144 
g/week (boys) and 139 g/week (girls) in the Healthy Lifestyle in Europe by Nutrition in 




Mercury (Hg) is a heavy metal and a non-essential element, present in the diet mainly via 
consumption of fish and seafood. It is considered one of the top ten chemicals of major public 
health concern according to the World Health Organization (WHO) because of its toxic effects on 
nervous, immune and digestive systems, as well as kidneys, skin, eyes and lungs. It is a serious 






Hg occurs naturally in the earth's crust and is released into the environment through anthropogenic 
sources such as coal-burning and industrial processes, and through natural sources such as the 
weathering of rocks, volcanic activity, soil and water surfaces. It is liquid in room temperature 
(22).  
 
Ancient and previous use of Hg include medicinal use (in infant teething powders, to treat 
infections, to treat syphilis), as antifungal agents in seed grain, as antiseptic preservative, in the 
production of felt hats, in barometers and thermometers. Current use, despite widespread concern 
of their potential toxic effects, still include in vaccines and dental amalgam, though the use has 
been phased out in many countries (22, 23).  
 
 Chemical forms 
Hg exists in two main forms; inorganic Hg (Hg22+ and Hg2+) including elemental Hg (Hg0), and 
organic Hg, which is the main form of exposure through the diet. The toxic effects are different 
depending on the chemical form (21).  
 
Inorganic Hg includes three oxidation states; Hg0 (elemental or metallic), Hg22+ (mercurous) and 
Hg2+ (mercuric) (22, 24). Metallic Hg exists as a silvery liquid and releases a gas called mercury 
vapor which is chemically stable and can exist in the atmosphere for months or years, leading to a 
global cycling of Hg. This form of zero oxidation state, Hg0, can further be oxidized into the two 
oxidation states of Hg; Hg has either lost one electron and can be found with two Hg atoms linked 
together, or has lost two electrons and exists as the mercuric ion. When Hg is combined with other 
elements, such as chlorine or sulphur, these compounds can be called Hg salts. The liquid metallic 
Hg causes little hazard if ingested, but the Hg vapor is highly toxic if inhaled and can cross the 
blood-brain barrier (BBB) and damage the central nervous system (CNS) by being oxidized to 
Hg2+ which can be retained in the brain cells for months or years. Other forms of inorganic Hg can 
also cause kidney damage (22).  
 
Organic Hg are compounds where the mercuric Hg-ion is covalently linked to one or more carbon 
atoms, such as ethylmercury, phenylmercury and methylmercury (MeHg) which is most common 





is converted to mercuric Hg slowly through oxidation and is then returned to earth in rainwater. 
The inorganic Hg compounds that end in aquatic sediments are then naturally converted and 
methylated by the help of bacteria in both marine and freshwater systems into MeHg. It is assumed 
that these oxidation-reduction and methylation-demethylation reactions between different forms 
of Hg are widespread in the environment (Figure 1), though methylation is more frequent in aquatic 
environments than demethylation (24). It is this MeHg which enters the aquatic food chain and 
further bioaccumulates in fish and shellfish before entering the human diet. MeHg accounts for 
close to all Hg in fish muscle with a few exceptions, such as pilot whales and other sea mammals 
where up to 50% can be present as inorganic Hg (22, 25, 26). 
 
As it is the most frequent form of Hg exposure as well as the most hazardous form of Hg for 
humans, the focus in this thesis will be MeHg (27). 
 
 
Figure 1: The relationships between different chemical forms of inorganic and organic mercury (Hg) 
 
  
 Toxicokinetics of MeHg  
 Absorption 
Inorganic forms of Hg are poorly absorbed in humans (5-10%), but the gastrointestinal (GI) 
absorption of MeHg into the bloodstream has traditionally been thought to be very efficient, as 
high as 95-100% (28, 29, p42-46). Recent research challenges this assumption and suggests that 





















methods, interaction with other nutrients, genetics and gut microbiome (30, 31). Some dermal 
MeHg absorption and absorption through lung inhalation occurs as well, but because of lacking 
quantitative data, there is uncertainty about to what extent (29, p42, 32, p15). 
 
 Distribution 
In the bloodstream MeHg is distributed by red blood cell transportation to all tissues within about 
four days, bound to cysteine in hemoglobin, as it has a high affinity for cysteine’s thiol groups, 
also called sulfhydryl groups (SH-groups) (24, 29, p42, 32, p15). Even though distribution is 
widespread in the body, as much as 10% of the MeHg can accumulate in the CNS. In other tissues, 
MeHg is converted and stored as inorganic mercury, e.g. in the liver and kidneys. MeHg crosses 
membrane barriers easily, including the BBB and fetal umbilical cords, both leading to tissues 
where it accumulates and causes harm; in the brain and the fetus (32, p16).  
 
 Excretion 
Urine, hair and breast milk are all excretion routes for Hg, but fecal excretion is thought to account 
for 90% of the total elimination of MeHg. This occurs via glutathione carriers as a complex with 
reduced glutathione. A small fraction is secreted from the liver into bile and is then reabsorbed 
from the GI-tract where microorganisms can transform and demethylate MeHg into inorganic Hg, 
which is poorly absorbed and therefore excreted through feces (22, 24, 29, p46-49). Most of it 
though, is reabsorbed into portal circulation and returned to the liver (33). The whole-body 
biological halftime of Hg is 70 days on average, and blood-halftime is 50 days, though shorter in 
lactating women (32, p17). 
 
 Toxicodynamics of MeHg 
MeHg damages the brain and the CNS causing symptoms such as paresthesia, incoordination, 
dysarthria, loss of vision and hearing, in worst case coma and eventually death (21, 22). Poisoning 
has a long latent period which can last for several months (24). It seems the prenatal period is the 
most sensitive period to MeHg exposure during the life cycle, and that maternal MeHg 
concentrations during pregnancy highly affect, and can severely damage, the offspring’s 
development of its CNS in a dose-dependent manner (22). It is well established that high exposures 





(34). Despite attempts to connect risk to relatively low MeHg exposure levels (hair concentrations 
<1 μg/g total Hg), especially for fetuses and infants through maternal exposure, there is still 
discrepancy in study findings (34-36). Therefore, there’s a lack of consensus in defining a lowest 
observable adverse effects hair concentration (LOAEHC), but 0.3 μg/g has been suggested (34). 
There are limited data available on MeHg in children and adolescents, leaving unanswered 
questions on to what degree adverse effects of exposure can be seen during these years (22). But 
the Norwegian Fish Intervention Studies Kids (FINS-KIDS) study on preschool children studied 
the effect of oily fish intake on hair Hg concentrations and cognitive function, and concluded that 
though lunch meals with oily fish led to an increase in Hg concentrations, values remained lower 
than risk assessment points that have been set (see section 1.3.6-1.3.7) (37). 
  
The most important way Hg can lead to neurotoxic effects is thought to be by forming complexes 
with SH-groups. Thiols, such as cysteine, increase the transport of Hg compounds in the body; 
MeHg-cysteine resembles methionine, an essential amino acid, and MeHg is absorbed into cells 
bound to cysteine as a methionine mimic by the same mechanism. Such conjugates can then be 
distributed across cell membranes to all tissues via the large neutral amino acid carrier, as they are 
treated like neutral amino acids (28, 38). The process of entry into cells as a cysteine complex via 
the large neutral amino acid carrier is thought to explain MeHg’s high affinity and ability to cross 
the BBB and lead to serious neurotoxic consequences (22, 39). 
 
There have been three large-scale poisoning events caused by MeHg, in Japan and Iraq: For a 
number of years (1940s-1969) MeHg compounds, byproducts from a chemical factory 
manufacturing acetaldehyde, were discharged directly into Minamata Bay in Minamata City, 
Japan. Consuming large amounts of contaminated seafood from the bay, many people in the 
surrounding village started to show signs of MeHg poisoning in the following years. The first 
patient suffering from serious neurological symptoms, later known as “Minamata disease”, was 
reported in 1956, and a total of 54 cases including 17 deaths had been reported by 1962. Still, the 
acetaldehyde production did not stop until 1968 and in 2007 the total number of patients was 2,268 
(28, 40). Because of the possibility to study umbilical cords of Minamata babies born during and 
after the years of poisoning, the Minamata outbreak led to the conclusion that MeHg exposure via 





the mother, who in many cases had mild or no manifestation of the poisoning (28). A similar 
outbreak after industrial discharge of MeHg took place in Niigata, Japan in 1965, affected more 
than 1,000 people, and was recognized as the Niigata Minamata disease (40, 41). 
 
In Iraq in 1971-1972 an outbreak of MeHg poisoning resulted in 459 deaths and more than 6000 
people being hospitalized. Seed grain had been treated with MeHg fungicide and used to prepare 
homemade bread which was then eaten. Symptoms were similar to those of Minamata disease (28, 
42). There has not been reported any cases of MeHg poisoning from fish consumption where the 
MeHg present has come only from the natural biomethylation processes (42). In cases such as the 
Minamata and Niigata outbreaks the high levels of MeHg present in the fish leading to poisoning 
have come from the industrially discharged MeHg directly (22, 28).  
 
 Dietary sources 
Organic Hg in the form of MeHg can be found in fish, in mammal meat and poultry following 
contaminated water and fodder, as well as in foods treated with fungicides, pesticides and 
insecticides containing MeHg (38, 43). It is, though, mainly the long-term fish consumption which 
is the dominant predictor almost completely determining the MeHg, and usually total Hg, 
concentrations in a person. Other sources are seen as insignificant in comparison, in most 
populations (24, 32, p15, 44). The European project DEMOCOPHES (DEMOnstration of a study 
to COordinate and Perform Human biomonitoring on a European Scale) provided knowledge on 
this by demonstrating the association between fish consumption and MeHg concentrations. They 
did a clustering analysis of the fish consumption of 1799 mother-child pairs from 17 European 
countries, where Belgium, Denmark, Spain, Portugal and Sweden were eventually placed in the 
high fish consumption branch, whereas Switzerland, Czech Republic, Hungary, Poland, Romania, 
Slovenia and Slovakia were placed in the low fish consumption branch (45). There was a strong 
correlation between consumption of fish products and MeHg exposure shown by Hg 
concentrations in hair, and between mother and child, supporting findings from previous similar 
studies (46). 
 
Humans are estimated to have a total daily MeHg exposure of 2.4 μg from all sources, with an 





(e.g. Atlantic cod fillet) containing 9.4 μg Hg/100 g will yield an intake of as much as 14.1 μg Hg, 
mainly in the form of MeHg (47). 
 
MeHg rapidly bioaccumulates in the aquatic environment, attaining its highest concentration in 
the fish on top of the food chain, meaning large predatory species such as trout, tuna, shark, pike, 
walleye and swordfish contain much higher levels of MeHg than smaller, non-predatory species 
(Figure 2). Other factors affect MeHg levels in fish as well, such as the age and size of the fish, 
MeHg in the upper layer of the sediment, microbial activity, salinity, pH and redox potential (24). 
As the MeHg present in fish is found bound to muscle, the protein level in the fish partly 
determines the amount of MeHg as well (4).  
 
Fish oil and cod liver oil have been shown to contain very low Hg concentrations at the limit of 
quantification (LOQ), ranging from “nondetectable” (<6 μg/L) to “negligible” (10-12 μg/L) levels 
(4, 48).  
 
 
Figure 2: Mercury concentrations in different seafood species 
Data retrieved from Seafood data unless otherwise stated (https://sjomatdata.hi.no) (47) 






 Tolerable intakes 
Tolerable weekly intake (TWI) is defined as the maximum weekly intake of a substance which can 
be consumed over an entire lifetime without risking adverse health effects (50). The no observed 
adverse effect level (NOAEL) is the highest concentration of a substance where no adverse effect 
has occurred in an exposed population whereas the lowest observed adverse effect level (LOAEL) 
is defined as the lowest concentration of a substance which has caused adverse effects in an 
exposed population (50). The approach to establishing a TWI is to use NOAEL and/or LOAEL 
values from the critical studies and apply safety or uncertainty factors to these values (51). 
 
Based on prenatal MeHg neurodevelopmental toxicity, EFSA has established a TWI of 1.3 μg 
MeHg/kg body weight (bw) (52). The Joint Food and Agriculture Organization/World Health 
Organization (FAO/WHO) Expert Committee on Food Additives (JECFA) also found neurotoxic 
effects as a result from in utero exposure to be the most sensitive health outcome when evaluating 
MeHg. Hence, they established a provisional TWI (PTWI) of 1.6 μg/kg bw sufficient to protect 
developing fetuses, PTWI being a term JECFA uses for contaminants that might accumulate in the 
body (53). Inorganic Hg has an established TWI of 4.0 μg/kg bw (52). VKM, being EFSA’s 
Norwegian focal point, has not established its own TWI for MeHg but concluded in their benefit-
risk assessment report in 2014 that in the amounts consumed by the Norwegian population as of 
today, the benefits following seafood consumption outweigh the negligible risk the current levels 
of contaminants like Hg represent (4). In 2019, a new VKM report investigating different scenarios 
for MeHg exposure from fish stated that people with average, or even high (1000 g/week), fish 
consumption of the most common fish species (e.g. Atlantic cod and farmed Atlantic salmon) are 
below the TWI for MeHg as these are regarded as species with low Hg concentrations (54). But in 
the same report they also said that people who consume more than one portion per week of fish 
species with high Hg concentrations (e.g. tusk, pike, perch) might be exposed to concentrations 
exceeding the TWI. 
 
 Methods for measuring MeHg exposure  
Biomarkers to estimate human exposure of MeHg are hair and blood, with hair levels being up to 
250 times more concentrated than blood levels, and therefore a widely used biomarker of Hg 





formation of a hair strand, the MeHg hair concentrations are proportional to these blood 
concentrations. But generally, hair concentrations recapitulate previous blood concentrations 
depending on the growth period of the hair segment measured. As hair grows about one cm per 
month, the centimeters closest to the root will be representative for the average exposure from the 
last 1-2 months (24, 57).  
 
A reference dose (RfD) for the total concentration of Hg in hair (THHg), which is an accepted 
proxy for MeHg exposure (45), has been set to 1000 μg/kg by The United States Environmental 
Protection Agency (USEPA) (58). This RfD is based upon data from 81 Iraqi children exposed to 
MeHg in utero and the neurological changes which followed, as well as epidemiological studies 
from Faroe Islands, New Zealand and the Seychelles Islands, three areas where fish consumption 
and maternal hair Hg concentrations are particularly high (56, 59-61). From this, a benchmark 
dose (BMD) was set to a hair concentration of 11 000 μg/kg as well as an uncertainty factor of 10 
to extrapolate the data to sensitive human subpopulations, in this case; the fetus. As USEPA has 
taken into account that fetuses are particularly prone to poisoning via maternal exposure, this value 
is considered safe and applicable to people in all ages and life stages, and people with THHg below 
the RfD are unlikely to experience adverse effects, expectant mothers and their fetuses included 
(29, 62).  
 
In Norway, there is a lack of studies on THHg concentrations among adolescents. However, 
Mommy’s Food (63, 64) and the Little in Norway study (65) on mothers and their infants as well 
as the FINS-KIDS study (37) on Norwegian preschool children, have all shown THHg 
concentrations below the RfD, with median concentrations ranging from 266-465 μg/kg. Studies 
in adolescent populations in other countries have found varying THHg concentrations among this 











Table 1: Mean total hair mercury concentrations from different studies in adolescent populations 
Country Population size Population age THHg (μg/kg) Reference 
Spain 96 13-16  550 
Peña-Fernández 2017 
(66) 
Spain 96 12-14 560 Ferré-Huguet 2009 (67) 
Faroe Islands 860 14 960 
Budtz-Jørgensen 2004 
(68) 
Czech Republic 150 13-14 280, 380, 460 ab Čejchanová 2008 (69) 
Czech Republic 3,556 9.9 190b Benes 2003 (70) 
Brazil 167 12-18 140 Carneiro 2011 (71) 
USA 516 16-19 (only 
women) 
290 McDowell 2004 (55) 
aThree different regions   
bValues are medians    
 
 
 Dietary assessment 
Measuring quantity and quality of people’s usual dietary intakes is necessary in various research 
settings but is a very difficult task which no single method can assess perfectly. Therefore, the 
method should be carefully chosen to fit the research objective, available resources and design 
(72). Nutritional biomarkers can be used in clinical assessment for objective estimates of a person’s 
diet, and there are also several methods that can be used to provide subjective estimates to assess 
an individual's or a population's dietary intake: 24-hour dietary recall done once or repeatedly, 
duplicate diet approach, weighed food records, dietary history and food frequency questionnaire 
(FFQ) (72, 73). Several of these methods have limitations, making them unsuitable for large-scale 
epidemiological studies, but the FFQ which was first introduced in the 1960s has multiple benefits 
making it a widely used tool to collect dietary data in epidemiological studies (74): it is easy to 
collect and process, it is time- and cost-efficient and imposes less of a burden on respondents than 
most other methods (73). The FFQ is mainly qualitative and aims to assess which food items or 
food groups are consumed and with what frequency during a time period. This method can also 
include some quantification by including portion-size estimates in the questionnaire, a so-called 
semi-quantitative FFQ. It is done retrospectively and if made with specific food group 
combinations this method can be used to predict intakes of certain nutrients or non-nutrients and 





results are therefore prone to recall bias, and over- or underestimation of intakes are common (72, 
75).  
 
Complementary, using a 24-hour dietary recall for example to assess the actual dietary intakes of 
study participants can provide more detailed intake data, but requires a trained interviewer and is 
more expensive and time-consuming (72). The long-term diet is not assessed with this method, 
making it unsuitable for investigating chronic disease or long-term dietary exposure. Repeated 24-
hour recalls are needed to measure an average dietary intake of specific food items or food groups, 
and multiple administrations have been shown to improve the accuracy of the method (75). 
Minimizing recall bias is a challenge for the interviewer as all information depends on the memory 
of the respondent (72).  
 
In recent years, a combination of long- and short-term methods, for example FFQ together with 
24-hour recall, has been suggested to provide more accurate estimates of dietary intakes (74). 
Further research on methods and improvements of their accuracy using innovative technologies 
are still ongoing in attempt to find the best one for nutritional epidemiology (75-77). The main 
goal is to enhance dietary assessment in terms of decreasing the costs and increasing time-
efficiency, while at the same time increasing the accuracy of results (76). To this date, the FFQ is 
still often the preferred method for assessing dietary intakes in epidemiological studies, despite its 
limitations.  
 
 Study aims and hypothesis 
This thesis is a part of the Fish Intervention Studies Teens (FINS-TEENS) study conducted in 
2015 among Norwegian adolescents where the main aim was to study associations between fish 
consumption and cognition. Adolescents were randomized to receive school lunch meals with 
either oily fish or meat, or n-3 supplements, three days a week for 12 weeks, and a variety of 
biological samples as well as questionnaires were collected pre- and post-intervention. In this 
master thesis, the FFQ and hair samples from the study will be used to investigate the association 
between dietary seafood consumption and concentration of THHg in adolescents. The means to 






• Estimate habitual seafood consumption and MeHg exposure based on FFQs 
• Analyze and evaluate total Hg concentrations of hair samples in adolescents 
• Measure the change in seafood consumption, MeHg exposure and THHg concentration 
from pre- to post-intervention, and differences between intervention groups 
 
The hypothesis for this thesis is that adolescents in the fish intervention group will have an increase 
in seafood consumption, MeHg exposure and concentration of THHg compared to the meat group 
and n-3 supplement group after the intervention. 
 
 METHODS 
 Study design – FINS-TEENS 
FINS-TEENS is one of seven studies included in FINS where investigating the effects of lean and 
oily fish on type 2 diabetes and obesity as well as mental health and cognition was the overall aim. 
FINS-TEENS is designed as a parallel, three-armed, non-blinded, randomized controlled 
intervention trial (RCT) and was carried out on 9th grade adolescents in Bergen, Norway, aged 14-
15 years in February-May 2015 (78).  
 
 Ethics 
The protocol was presented for the Regional Committees for Medical and Health Research Ethics 
and approved by Norwegian Data Protection Official for Research (project number 41030). The 
trial is registered in ClinicalTrials.gov (NCT02350322) and was performed according to the 
Declaration of Helsinki. Participation was voluntary, adolescents provided written informed 
consents together with their caregiver(s) (Appendix I) and had the possibility to withdraw without 
reason at any time of the study (79, 80). 
 
 Study population 
 Recruitment 
The school recruitment process took place between August and October 2014. All 26 secondary 





and eight schools ended up participating. A flow-chart of the recruitment process is presented in 
Figure 4. Inclusion criteria for the schools were as follows: motivation to participate, three 9th 
grade classes or more, and rooms to provide for data collection and preparation of meals during 
the intervention. Exclusion criteria were if the school already had a well-functioning canteen, as 
this is uncommon in Norwegian schools. The eight participating schools represented five out of 
eight boroughs in Bergen (Figure 3). The recruitment of participants took place in January 2015, 
written informed consent was signed by pupil and parent/caregiver, and teachers assisted in 
collecting these. Exclusion criteria were allergy or intolerance to the study meals or supplements, 
and a lack of familiarity to the Norwegian language. Of the 785 eligible adolescents invited, 478 
(61%) wanted to take part in the study and were randomized to intervention groups, 249 of these 














The adolescents were randomized within each school to receive lunch with either oily fish, meat 
or n-3 long-chain polyunsaturated fatty acid (LCPUFA) supplements after being stratified 
according to gender. In each school, two boxes, one for girls and one for boys, contained 1/3 pieces 
of paper marked “Fish”, 1/3 marked “Meat”, and 1/3 marked “Supplements” adding up to the total 
number of pupils enrolled in that particular school. To determine the intervention group each 
individual would belong to, a blinded researcher drew notes one by one, from the correct box after 
being told by a different, not blinded, researcher what each participant’s gender was (79). The 
researcher not blinded further registered the assigned intervention for each participant in a 
spreadsheet. Due to the nature of the dietary intervention, it was not possible for either executive 







Figure 4: Flow chart of the study population 
*Only a selection was analyzed because of technical problems with the instrument (See paragraph 3). 
















































- Never replied (n=3) 
- Declined (n=9) 





















Secondary schools in the 
municipality (n=26) 




(249 girls / 229 boys) 
Schools accepting 
invitation (n=8) 
Meat lunch (n=160) 
(81 girls / 79 boys) 
Excluded (n=307) 
- Declined (n=303) 
- Food allergy (n=1) 
- Withdrew test day (n=3) 
Oily fish lunch (n=159) 
(86 girls / 73 boys) 
n-3 supplement (n=159) 
(82 girls / 77 boys) 
Withdrew (n=18) Withdrew (n=6) Withdrew (n=11) 
Hair samples and FFQ 
analyzed (n=42)* 
Hair samples and FFQ 
analyzed (n=37)* 






 Sample size and power 
The power calculation of sample size assumed a correlation of 0.5 between pre- and post- 
intervention measurements and was based on the three-armed intervention design. A small to 
moderate effect size (Cohen’s d=0.35 (81)) was applied to reveal a meaningful effect of the 
intervention on the primary outcome (“d2 test of attention”). Based on a significance level of 
α=0.05 and a power of 80%, a sample size of 119 participants in each group was desired. Enrolling 
a total of 446 participants was the aim, when considering a 20% drop out rate (78). This sample 
size estimate was based on the primary outcome, which was measured by the d2 test of attention, 
not on detecting differences in hair Hg concentrations between the groups, which is the topic of 
this thesis. The calculations were done using Stata Statistical Software: Release 14. College 
Station, TX: (STATA-Corp LP®) (82). 
 
 Intervention 
For 12 weeks, excluding school holidays, the participating pupils received either school lunch 
meals with oily fish or meat, or n-3 LCPUFA supplements three days a week, 36 days in total.  
 
 Study meals 
The research team took part in developing the study meals, and they were made and delivered to 
the schools by a Bergen-based catering service (Søtt+Salt AS). In the schools, trained study 
personnel put the participants’ name and class on and distributed the meals and supplements into 
one case for each classroom. Participants took the supplements and ate their lunch in their 
classrooms under supervision by the study-worker (Figure 5-Figure 6). The meals were similar in 
content except for the fish and meat (80-100 grams per portion) and had wholegrain 
pasta/focaccia/baguette/tortilla as well as vegetables/salad and sometimes dressing (Table 2). 
Levels of some micronutrients differed between the study meals and higher amounts of vitamin D, 
n-3 fatty acids, dioxins, dl-PCBs and Hg was found in the fish meals whereas levels of saturated 
fatty acids (SFA) were higher in the meat meals (Table 2) (79). They were designed to follow 
dietary guidelines for a healthy diet by the Norwegian directorate of health (1). The fish group 
received different types of oily fish; salmon (average 21 times), mackerel (average 3 times) and 





(average 10 times); chicken, turkey, beef and lamb, and cheese was served together with the 
chicken/turkey ham nine times. Pork meat was not used, and halal meat could be provided upon 
request. The total number of servings of meals and supplements varied from 30-36 at different 
schools, with a mean of 34 times (78).  
 
The supplement group received easy to swallow-capsules (Nycoplus® Omega-3, 500 mg, Takeda 
Nycomed, Asker, Norway) of 500 mg concentrated fish oil, with 105 mg DHA, 158 mg EPA and 
13 mg DPA. 90 grams of fish in the fish group corresponded to eight capsules per serving, though 
this number of capsules was reduced to seven four weeks into the trial because the frequency of 
mackerel in the fish group was being reduced, after multiple feedbacks that it tasted bad (78). The 
supplement group will be referred to as “n-3” in the results.  
 
 
Figure 5: Study meals the way they were handed out to participants in their classrooms 

















Figure 6: Supplements the way they were handed out to participants in their classrooms 
Photo: Emil Breistein 
 
 
Table 2: Analyzed nutrient and contaminant concentrations of study meals, per portion 
Values are medians and retrieved from Skotheim et al. 2017 unless otherwise stated (79). 
  Fish meal (n=27) Meat meal (n=26) 
Whole portion (g)* 233 227 
Fatty fish or meat/cheese (g)* 71 69 
Bread/pasta/wraps (g)* 111 110 
Vegetables (g)* 42 41 
Energy (kcal/100g) 227.4 229.7 
Total fat (g/100g) 9.3 8.4 
Protein (g/100g) 9.8 11.4 
Vitamin D (µg/100g) 1.6 <1a 
Iodine (µg/100g) 2.2 2.0 
n-3 (mg/100g) 774.0 140.5 
SFA (g/100g) 1.9 2.84 
Dioxin and dl-PCBs (ng TEQ/kg) 0.19 0.12 
Mercury (µg/100g) 0.7b 0.2b 
*Values are means 
an=4, only 4 meals had vitamin D levels above LOQ 
bValues calculated for this thesis 
Abbreviations: LOQ, limit of quantification; n-3, omega-3; SFA, saturated fatty acids; dl-PCB, dioxin-like 







To evaluate food safety aspects of the intervention, levels of dioxins, dl-PCBs and Hg were 
assessed and calculated according to the TWI in both meal groups (79). All levels were below set 
TWI (7).  
 
 Dietary compliance 
Any leftovers were to be wrapped and put back into the case which was then collected by the 
study-worker. The number of n-3 LCPUFA capsules left from participants in the supplement group 
was registered by research assistants into a spreadsheet together with a graded score 0-4 defining 
how much of the meal had been eaten by participants in the meat and fish groups: ‘0=nothing 
eaten’, ‘1=1/4 eaten’, ‘2=2/4 eaten’, ‘3=3/4 eaten’ and ‘4=all eaten’. Both the amount of meat or 
fish consumed, and amount of the entire meal consumed were registered in such quartiles, though 
they were not weighed (78). To be able to compare the dietary compliance of contestants across 
all three intervention groups, the scale for registering n-3 supplement intake was transformed into 
the scale for registering intake in the meal groups. This was done by dividing each participant’s 
total intake of n-3 capsules by the factor 1.8125. This factor was extracted from the factor 261/144 
which represents the maximum number of n-3 capsules a participant could consume during the 
entire intervention (9 days with 8 capsules, 27 days with 7 capsules = 261), divided by the 
maximum intake score possible from the meal groups (36 days with score 4 = 144) (79). Hence, it 
was possible to compare intakes for each participant in all three groups and compliance to the 
intervention. For this thesis, the dietary compliance data of participants in the fish and meat groups 
was used together with study meal content (Table 2) to calculate seafood consumption and estimate 
MeHg exposure from study meals in addition to the background diet from the FFQ data.  
 
 Data collection 
Pre- and post-intervention, several data were collected: biological samples (hair, urine, blood), 
cognitive tests (both reading, spelling and attention performance), a mental health status 
assessment (the Strengths and Difficulties Questionnaire (SDQ)) and an FFQ for dietary 
assessment (Appendix II). Collection took place during school hours in classrooms provided for 





administered before lunch, biological samples after lunch. In addition, parents/caregivers received 
an electronic questionnaire to assess their educational level, household income and marital status, 
as well as their child’s mental health status (SDQ) from their point-of-view (Appendix III) (78). 
Only the hair samples and FFQ from both pre- and post-intervention as well as small parts of the 
caregiver questionnaire were used for this thesis.  
 
Throughout this thesis, the term “pre-intervention” will include hair samples taken and the FFQ 
administered just before the intervention with study meals began, which represents the habitual 
diet three months prior to start of intervention. “Post-intervention” addresses hair samples taken 
and the FFQ administered just after the intervention, which represents the habitual diet during the 
three-month long intervention period. Post-intervention also includes seafood and Hg content from 
study meals. 
 
 Hair samples 
Hair samples for Hg analysis were collected by cutting a 2-5 mm bundle of hair from the occipital 
area of the scalp with stainless steel scissors (Figure 7). The samples were then tied with a dental 
floss or similar in the end that had been cut, to make sure hair from this end was later used for 
analysis (Figure 8). They were put in separate zip-lock bags in room temperature, labelled with 
ID- and project-numbers as well as “Start” (beginning) or “Slutt” (end) to mark if they were 
collected pre- or post-intervention, respectively. Pre-intervention samples from one school were 
stored together in a bigger zip-lock bag, the same for post-intervention. The samples were stored 

















Figure 7: Collection of hair samples from participants 
Photo: Emil Breistein 
 
 
Figure 8: Preparation of hair samples from participants 
Photo: Emil Breistein 
 
 Dietary assessment 
An FFQ (Appendix II), assessing the participants’ habitual diet the last three months, was 
completed both pre- and post-intervention. This questionnaire was semi-quantitative retrospective 





as physical activity and baseline characteristics (83). Post-intervention, participants were told not 
to include the food served in the trial when answering the FFQ as it was supposed to measure their 
habitual background diet (80). The FFQ took about 15 minutes and was completed electronically 
with the survey program Qualtrics.com® (Provo, UT, USA) (80). Each participant was given a 
personal username and password to login by research staff. Age, weight, height and gender were 
self-reported and body mass index (BMI) (kg/m2) was calculated afterwards.  
 
 Data processing 
 Processing of hair samples 
Two cm of hair from the end nearest the scalp was used for the Hg-analysis of the samples pre- 
and post-intervention. A well-accepted assumption is that the growth rate of human hair in 
occipital regions of the scalp is approximately 1 cm/month. LeBeau et al.’s research concludes that 
1.06 cm/month is more correct, though the actual growth rate will vary between individuals (0.65-
2.2 cm/month) (84).  They also discovered inconsistencies in the collection of hair samples as the 
range of hair lengths left when trying to cut the hair as close to the scalp as possible varied from 
0.1-3.0 cm between collectors and samples. Based on their research and calculations, the 2 cm 
used for analysis here will presumably equal Hg exposure from the last 5.2±0.8 to 12.4±1.6 (95% 
confidence intervals (CI)) weeks prior to collection, when including a two week delay before the 
new hair forming in the follicle reaches the scalp (84). The hair samples were measured using a 
ruler and the amount needed for analysis (2 cm) was cut off with stainless steel scissors. 
 
 Analysis of hair samples with DMA-80 
The hair samples were placed in separate metal boats (nickel) and weighed-in on a calibrated 
four-decimal scale (Sartorius, CP124S, USA), the weight and ID-number was noted manually, 
before the boats were placed on a tray with position numbers. Ideally, each 2 cm hair sample 
should weigh between 10-20 mg for THHg to be within the calibrated area for the method, but 







The boats were placed in the auto sampler of a machine designed to measure total Hg 
concentrations specifically by direct mercury analysis, DMA-80 (Milestone, Sorisole, Italy), and 
the weight and ID-number of each sample was manually plotted into the DMA-80 prior to analysis. 
The DMA-80 has 40 metal boat positions per analysis and was loaded as follows: Positions 1-2 
contained empty boats to avoid contamination, positions 3, 4, 21 and 40 contained certified 
reference material (CRM) to assess analysis accuracy, positions 5-20 and 22-39 contained hair 
samples. A total of 34 hair samples were analyzed in one full series. Pre- and post-intervention 
samples with the same ID-number were analyzed in the same series, and there were samples from 
at least two different schools in each full analysis series. After analysis, the metal boats were 
burned off with a different program in the DMA-80 for cleaning before they were used again. 
Results of THHg concentrations were obtained manually from the DMA-80. Some hair samples 
from FINS-TEENS had already been analyzed prior to this thesis (n=136), and these results were 
received and included as well as results from the hair analyzed by the undersigned during the work 
with this thesis (n=96). 
 
 Quality of analysis 
An extern calibration curve was conducted before the analysis of hair samples started in November 
2018. CRMs used in the calibrations were: Bovine Muscle BCR184, Bovine Liver 1577, 
Milkpowder 150, Oyster Tissues, Mussel Tissue, Tort-3, Dorm-3, Dolt-4 and Tuna CE464.  
 
To monitor the quality of the analysis, 10-20 mg of CRM Human hair IAEA-086 (powder, 
International atomic energy agency, Austria) with a certified reference value of 573 µg Hg/kg was 
included at four different boat positions in every analysis series, as mentioned. The results from 
the two first references of each analysis were registered into a control chart at IMR. All results of 
Hg concentrations in the reference material were within the ± 20% uncertainty limit (458.4 µg 
Hg/kg – 687.6 µg Hg/kg), and the overall accuracy of these Human hair IAEA-086 results was on 
average 94%. 
 
 Principles of DMA-80 
The DMA-80 uses atomic absorption spectrophotometry to analyze total Hg concentrations in each 





made to ash and evaporated in an oxygenated furnace at 450oC to release all Hg. The Hg present 
is reduced to elemental Hg which is carried by the constant oxygen flow and selectively trapped 
by a gold amalgamator as Hg has a high affinity to gold. The gold amalgamator is heated to 650oC 
to release the Hg vapor, which then travels through two absorbance cuvettes or cells, one of which 
is long and thin to capture low Hg concentrations, the other short and thick for higher 
concentrations. Light is sent through the cuvettes and the amount absorbed is proportional to the 
Hg concentrations present in the cuvette as absorbance is measured at Hg’s wavelength, 253.65 
nm. By using an external calibration curve together with the specified weight of the sample, Hg 
concentrations in the hair sample can be determined and results are given in μg/kg (85).  
 
Figure 9: Principles for analysis of total hair mercury concentrations with Direct Mercury Analyzer 
Picture: https://www.milestonesrl.com/products/mercury-determination/dma-80-evo (86).  
 
The DMA-80 is calibrated in the linear area of Hg, 1.5 ng-1000 ng.  The Limit of Detection (LOD), 
the minimum Hg amount possible to detect with the method´s given accuracy, is set to 0.02 ng and 
the Limit of Quantification (LOQ), the minimum Hg amount possible to quantify with the 
method´s given accuracy, is 0.08 ng. The method´s accuracy for samples within the linear area is 
± 20%, whereas samples with Hg amounts below the calibrated area may be less accurately 
measured. For values below LOQ in this thesis, the LOQ cut-off was divided by two and entered 
into the dataset (0.04 ng), according to USEPA’s guidelines when a small proportion (15%) of 






 Estimated dietary intakes from FFQ 
The FFQ completed by participants provided ordinal categorical variables (e.g. <1 time/month, 
2-3 times/week etc.) which had to be converted to numerical continuous data to perform further 
statistical analyses. For this, the validated seafood index from a validated semi-quantitative 
seafood FFQ established by Markhus et al. (89) was used to calculate indexes. By using this 
method, it became possible to make an estimation of total seafood consumption in grams per 
week, summarizing the different types of seafood addressed in the FFQ (e.g. salmon, cod, 
processed fish products etc.). For summary questions the index chosen was the mean from the 
range (e.g. 2-3 times/week is equivalent to an index of 2.5 per week). For detail item questions, a 
more conservative approach was chosen as overestimation of small intakes by respondents is 
common (90, 91), and therefore the index was based on the lowest frequency from the range (e.g. 
2-3 times/week is equivalent to an index of 2 per week). The frequencies of seafood consumption 
were converted to numerical weekly intervals first and then further to a seafood index 
representing consumption per week (Table 3, Table 4). As portion sizes were not defined in the 
completed FFQ, standard portion sizes provided by the Norwegian Food Safety Authority were 
used to calculate seafood consumption in grams from the seafood index (Table 5) (92). Post-
intervention, dietary seafood consumption was calculated using both FFQ responds and 
calculated intakes from study meals based on each individual´s compliance and content of study 
meals (see paragraph 2.4.3 and Table 2).  
 
Table 3: Conversion of reported frequencies in FFQ to numerical continuous data and seafood index 
for questions on seafood intake as dinner 
(Questions 1 and 2 in FFQ – Appendix II) 
Reported frequency Numerical interval per week Seafood index (summary question) 
Seafood index (detail 
item question) 
Never 0 0 0 
< 1 time/month > 0-0.25 0.15 0.1* 
1-3 times/month 0.25-0.75 0.5 0.25 
1 time/week 1 1 1 
2-3 times/week 2-3 2.5 2 
≥ 4 times/week ≥ 4 4 4 
*Seafood index set to 0.1 for distinction of this frequency from the reported frequency "Never".  






Table 4: Conversion of reported frequencies in FFQ to numerical continuous data and seafood index 
for questions on seafood intake as spread 
(Questions 3 and 4 in FFQ – Appendix II) 
Reported frequency Numerical interval per week Seafood index (summary question) 
Seafood index (detail 
item question) 
Never 0 0 0 
Rarely > 0-0.25 0.15 0.1* 
1-3 times/month 0.25-0.75 0.5 0.25 
1 time/week 1 1 1 
2 times/week 2 2 2 
3-5 times/week 3-5 4 3 
≥ 5 times/week 5 5 5 
*Seafood index set to 0.1 for distinction of this frequency from the reported frequency "Never".  
Abbreviations: FFQ, food frequency questionnaire      
 
 Calculation of dietary MeHg exposure 
Average weekly MeHg exposure from the habitual seafood consumption was calculated from the 
pre-intervention FFQ answers to represent the baseline MeHg exposure. Post-intervention, 
MeHg exposure was estimated using both FFQ answers and Hg content of study meals together 
with the participants´ compliance (see paragraph 2.4.3 and Table 2). Total Hg content in 
different fish and seafood species from the latest analysis year (2008-2018) were retrieved 
mainly from Seafood Data (47) unless otherwise specified, and used to calculate each 
participant’s exposure based on the frequency information provided by the participant combined 
with standard portion sizes (92). Data on Hg content and portion sizes used in calculations are 
presented in  
Table 5. The resulting total Hg content is further presented as MeHg exposure, as a conservative 
approach of expecting 100% Hg to be present in the form of MeHg was chosen, in accordance 
with VKM´s approach (54). Data on sushi, mackerel in tomato sauce and processed fish products 
(fish cakes, fish fingers, other fish products) were not available and therefore the seafood species 
used to calculate MeHg content in these products were the same as the ones chosen in VKM´s 
benefit-risk assessment of fish and fish products in the Norwegian diet (4). In detail item 
questions which did not distinguish between several seafood species, a mean value for Hg 
content from those species was calculated and used, or one species was selected to represent the 





content of 50-60% results from these calculations were multiplied by 0.55 (4). Sushi has a pure 
fish content of ~33% and was multiplied by 0.33, caviar and mackerel in tomato sauce has a pure 
fish content of ~60% and was multiplied by 0.6 (4). 
Table 5: Mercury concentrations and estimated portion sizes of seafood addressed in the FFQ 
Seafood product Species used in calculations µg Hg/100ga Portion size (g)b 
Oily fish (> 5% fat) for dinner     
Salmon, troutc Atlantic salmon fillet (farmed) 1.9 150 
Mackerel Atlantic mackerel fillet (wild) 2.9 150 
Herring Atlantic herring fillet (wild) 5.3 150 
Halibut Atlantic halibut fillet (wild) 11.0 150 
Lean fish (< 5% fat) for dinner     
Cod Atlantic cod fillet (wild) 9.4 200 
Pollock Pollock fillet (wild) 14 200 
Other lean fishc Mean of haddock fillet (wild) 
and plaice fillet (wild) 
6.0 200 
Sushi, shellfish and processed seafood for dinner     
Sushi Atlantic salmon fillet (farmed) 1.9 300 
Shellfishc Mean of shrimp peeled (wild), 
blue mussel meat (wild) and 
brown crab (wild) 
4.4 150 
Fish cakes Atlantic cod fillet (wild) 9.4 150 
Fish fingers Atlantic cod fillet (wild) 9.4 150 
Other fish productsc Atlantic cod fillet (wild) 9.4 150 
Spread/salad/snack       
Mackerel in tomato sauce Atlantic mackerel fillet (wild) 2.9 40 
Canned sardines or herringc Sardines in oil 2.0 25 
Other oily fishc Mean of smoked salmon (wild) 
and smoked trout (wild) 
4.6 20 
Canned tuna Canned tuna 7.6d 14 
Caviar Atlantic cod roe 1.8 15 
Cod roe and liver pate 
(Svolværpostei/Lofotpostei)c 
Cod roe/cod liver pate 2.0e 15 
aData retrieved from Seafood data (https://sjomatdata.hi.no), from latest analysis year (2008-2018), unless  
otherwise stated (47) 
bStandard portion sizes retrieved from the Norwegian Food Authority (92)     
cDetail item question in FFQ does not distinguish between several species/food items   
dMercury content retrieved from Nilsen and Måge, 2016 (93)       
eMercury content retrieved from Julshamn and Frantzen, 2008 (94)       
Abbreviations: FFQ, food frequency questionnaire    
 





 Statistical analysis 
The statistical analyses were performed using the Statistical Package for the Social Sciences 
(IBM® SPSS® version 25, IBM Corporation, Norway) and probability (p) values <0.05 were 
considered significant. Tables and figures were constructed using SPSS®, Microsoft Office Excel 
2013 or Microsoft Office Word 2013. The statistical analyses were carried out only on the 
participants for whom THHg analyses with DMA-80 from pre- and post-intervention had been 
performed, n=116.  
 
For descriptive results, categorical variables are reported as frequency, n (%), whereas continuous 
variables are reported as mean (standard deviation (SD)). Normality of results was tested using the 
Shapiro-Wilk test and visually assessed by inspection of histograms. To test potential between-
group differences, the Chi-square test of homogeneity or Fisher’s exact test (if >20% of expected 
values had frequencies <5) was chosen for categorical variables, the one-way analysis of variance 
(ANOVA) test was chosen for continuous variables.  
 
Some socioeconomic variables were recoded prior to statistical analyses. Educational levels of the 
participants’ parents were recoded from five categories into continuous variables (Table 6). This 
was to define education as a number of years, and to merge both parents’ education years and then 
divide by two to get a mean as the new variable. The eight categories from the question on the 
combined income of the parents were merged and re-categorized into three categories defined as 
“low”, “middle” or “high” income (Table 7). 
  
 
Table 6: Recoding of parents' educational level (highest level completed) into continuous variables 
Old variable New variable (years) 
Primary and secondary school 
("grunnskole") 
10 
High school with vocational subjects 
("videregående med yrkesfag") 
13 
High school with general subjects 
("videregående med allmennfag") 
13 
College or university < 4 years 16 







Table 7: Recoding of parents' combined income (NOK) into categories 
Old variable New variable 
< 200 000*   
200 - 349 999 Low income 
    
350 - 549 999   
550 - 749 999 Middle income 
750 - 999 999   
    
1 000 - 1 250 000   
1 250 - 2 000 000 High income 
> 2 000 000   
*This alternative was not chosen by any responders (n=94). 
Abbreviations: NOK, Norwegian krone   
 
 
Neither seafood consumption, estimated MeHg exposure nor THHg concentrations were normally 
distributed, and thus non-parametric statistical tests were applied in analyses; Wilcoxon signed 
rank-test for within-group comparison of change from pre- to post-intervention and Kruskal-Wallis 
test for between-group comparison of differences. Also, a one-way analysis of covariance 
(ANCOVA) was performed using log10 transformed values for THHg concentrations and THHg 
pre-intervention as a covariate. Continuous variables are expressed as median (5-95th percentile) 
and mean (SD). 
 
To measure the strength of association between non-parametric variables, the Spearman’s rank 
order correlation coefficient was used. Correlations were assessed between THHg concentrations 
and total weekly seafood consumption (grams/week), and THHg concentrations and estimated 
MeHg exposure (µg/week) (95). The correlation strength was considered small if r=0.1-0.29, 











While working with hair analysis in the laboratory, the DMA-80 instrument stopped working and 
needed several parts replaced. After having waited for it to be repaired for several months, it was 
concluded that it could not be fixed, nor replaced in time for this thesis. Having samples being 
analyzed somewhere else or using a different method presented great challenges both practically, 
economically and methodically and was ruled out as an option. Due to these unforeseen problems 
with the DMA-80, only a selection of the available hair samples could be included in the present 
master thesis; In total, 232 hair samples from 116 participants pre- and post-intervention from five 
different schools were analyzed. The remaining samples will be analyzed by a lab-technician as 
soon as the DMA-80 is replaced. Therefore, all results presented in this thesis, from both FFQ and 
THHg analysis are based only on a selection of the FINS-TEENS study population. This selection 
(n=116) will from hereon be referred to as the “study population”, and if the entire FINS-TEENS 
study population (n=443) is the population in question, this will be explicitly stated. 
 
 Baseline characteristics 
Table 8 displays baseline characteristics of the study population and by intervention groups. No 

















Table 8: Baseline characteristics for the study population and intervention groups 
Obtained from pre-intervention FFQ completed by participants (Appendix II) and questionnaire 
completed by participants' caregiver(s) (Appendix III). Values are given as mean (SD) or n (%). 





Sex, n (%) 116         0.783d 
Male   55 (47) 20 (48) 19 (51) 16 (43)   
Female   61 (53) 22 (52) 18 (49) 21 (57)   
Weight (kg)  113 57 (11) 59 (14)  55 (9) 56 (9) 0.337e 
Height (m) 113 1.69 (0.8) 1.7 (0.1) 1.68 (0.1) 1.69 (0.1) 0.781e 
BMI (kg/m2) 111 19.9 (3.1) 20.3 (4.0) 19.6 (2.1) 19.7 (2.7) 0.568e 
Underweight, n (%)a   19 (17) 8 (19) 4 (12) 7 (19)   
Normalweight, n (%)a   83 (75) 30 (71) 26 (79) 27 (75)   
Overweight, n (%)a   9 (8) 4 (10) 3 (9) 2 (6)   
Birth place, Norway, n (%)b 94 91 (97) 33 (97) 29 (97) 29 (97) >0.995f 
Parents' education (years)b 94 15.2 (1.5) 15.3 (1.6) 14.9 (1.6) 15.2 (1.4) 0.488e 
Parents' combined income 
before tax, n (%)b 94         0.613f 
Low incomec   2 (2) 2 (6) 0 0   
Middle incomec   53 (56) 17 (50) 18 (60) 18 (60)   
High incomec   39 (42) 15 (44) 12 (40) 12 (40)   
aAge and sex specific cut-off points by Juliusson 2017 for age 14.5 years (96)             
bAnswers by participants' caregiver(s)                 
cLow = 200-349 999 NOK, middle = 350-999 999 NOK, high = >1 000 000 NOK           
dChi-square test of homogeneity                   
eOne way ANOVA test                     
fFisher's exact test                     
Abbreviations: ANOVA, analysis of variance; BMI, body mass index; FFQ, food frequency questionnaire; 











 Seafood consumption reported in FFQ 
Pre-intervention FFQ data were available for 115 of the 116 participants who were analyzed for 
THHg, whereas the post-intervention FFQ data were available for all 116 participants.  
 
 Seafood consumption pre-intervention 
Median total seafood consumption was 277 g/week at pre-intervention among the adolescents 
(n=115), 320 g/week in the fish group, 290 g/week in the meat group and 261 g/week in the n-3 
supplement group (Table 9). The adolescents’ reported frequency of seafood consumption as 
dinner and as spread/salad/snack pre-intervention are presented in Figure 10 and Figure 11. Of all 
respondents, 33% reported a consumption of seafood for dinner in accordance with the 
recommendations of 2-3 times a week, and 2% reported higher consumption than this (1). 
Consuming seafood as spread, salad and snack “rarely” or “never” was reported by 57.5%. Mean 
(SD) and median (5-95%) reported frequency of seafood consumption as dinner was 1.4 (0.9) and 
1 (0.2-2.5) times/week, and as spread/salad/snack it was 0.6 (0.9) and 0.2 (0-2.4) times/week. No 
significant differences in consumption were found between intervention groups pre-intervention 
(p=0.437). 
 
Figure 10: Frequency of seafood consumption as dinner, pre-intervention (n=115), shown as number 







Figure 11: Frequency of seafood consumption as spread, salad and snack, pre-intervention (n=115), 
shown as number of participants and percentage 
 
 
 Seafood consumption post-intervention 
The total seafood consumption post-intervention includes seafood consumption from the 
intervention study meals. No significant changes were found in any of the groups from pre- to 
post-intervention. Across all respondents (n=116) median consumption was 261 g/week 
(p=0.096), 366 g/week in the fish group (p=0.769), 259 g/week in the meat group (p=0.423), and 
215 g/week in the n-3 supplement group (p=0.058) (Table 9). In the fish group, a median seafood 
consumption of 79 g/week came from the weekly three study meals which were served. Post-
intervention, a significant difference in seafood consumption was observed between the fish group 
and n-3 group (p=0.013). 
 
When analyzing the FFQ alone, not including fish from study meals, a significant decrease in 
seafood consumption was found in the study population (p=0.001) and the fish group (p=0.03). 
 
 Estimated MeHg exposure from FFQ pre-intervention 
The estimated median total MeHg exposure in the study population was 18 µg/week (n=115) pre-





µg/week across all respondents, whereas median MeHg exposure from spread/salad/snack was 
only 0.1 µg/week. Estimated median MeHg exposure was 20 µg/week in the fish group, 17 
µg/week in the meat group and 13 µg/week in the n-3 supplement group (Figure 13). When 
considering the mean body weight of 57 kg, the participants were on average exposed to 0.3 µg 
MeHg/kg bw per week. Compared to EFSA and JECFA’s limits of tolerable intakes, this exposure 
is below the established TWI and PTWI of 1.3 and 1.6 µg MeHg/kg bw, and corresponds to 23% 
and 19%, respectively. But when analyzing each individual’s exposure in relation to their body 
weight, eleven participants had estimated MeHg exposure levels exceeding EFSA’s TWI of 1.3 
µg/kg bw/week pre-intervention (Figure 12). No significant differences in MeHg exposure were 
found between intervention groups pre-intervention (p=0.55).  
 
 
Figure 12: Boxplot displaying estimated methylmercury exposure (µg/kg bw/week) calculated from 
FFQ seafood consumption, pre-intervention (n=115) 
The blue lines represent the limits of tolerable intakes set by JECFA and EFSA (see paragraph 1.3.6). 
The horizontal lines through the boxes represent the median value, the lower and upper boundaries of the boxes 
represent the IQR, the whiskers represent the smallest and largest values in the distribution. According to the software 
the circles represent outliers (>1.5 box-lengths from edge of box) and the stars represent extreme outliers (>3 box-
lengths from edge of box). 
Abbreviations: EFSA, European Food Safety Authority; FFQ, food frequency questionnaire; IQR, interquartile range; 
JECFA, The Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food 





 Estimated MeHg exposure from FFQ and study meals post-intervention 
Post-intervention, a significant decrease could be seen in estimated MeHg exposure in the study 
population (p=0.007) and n-3 supplement group (p=0.012). Also, a borderline significant decrease 
was observed in the fish group (p=0.05). No significant differences in MeHg exposure were found 
between intervention groups post-intervention (p=0.082). Median MeHg exposure calculated from 
the post-intervention FFQ and exposure from the fish and meat study meals was 15 µg/week across 
all respondents, 16 µg/week in the fish group, 19 µg/week in the meat group (p=0.863), and 11 
µg/week in the n-3 supplement group (Figure 13, Table 9). Of this, a median of 1.9 µg/week in the 
fish group and 0.7 µg/week in the meat group came from the fish and meat study meals, 
respectively. Hypothetically, a 100% compliance to the intervention, consuming the full amounts 
of all 36 study meals over 12 weeks, would yield an exposure of median 4.9 µg/week to 
participants in the fish group and 1.4 µg/week to participants in the meat group. Based on the mean 
body weight, this would equal 6.6% and 1.9% of EFSA´s TWI.  
 
At population level, the median MeHg exposure by mean body weight was 0.3 µg MeHg/kg bw 
per week post-intervention as well. Whereas on the individual level four participants, two from the 
fish group, one from the meat group and one from the n-3 group had estimated MeHg exposure 






Figure 13: Median methylmercury exposure (µg/week) calculated from FFQ seafood consumption 
pre-intervention and from FFQ seafood consumption and study meal intake post-intervention, in 
intervention groups and study population 
Grey and orange lines represent the limits of tolerable intake set by JECFA and EFSA for the mean bodyweight 
reported in the FFQ, 57 kg (see paragraph 1.3.6) 
Abbreviations: EFSA, European Food Safety Authority; FFQ, food frequency questionnaire; JECFA, The Joint Food 
and Agriculture Organization/World Health Organization Expert Committee on Food Additives; PTWI, provisional 















































Table 9: Median and mean reported seafood consumption, estimated methylmercury (MeHg) 
exposure and total hair mercury (THHg) concentrations pre- and post-intervention in all groups, and 
change (Δ) in THHg concentrations from pre to post 
 
    PRE-INTERVENTION   POST-INTERVENTION   







Seafood consumption (g/week)           
All 115 277 (41-1352) 422 (407) 116 261 (40-740) 324 (231) 0.096 
Fish 42 320 (46-1508) 510 (503) 42 366 (82-851) 396 (253) 0.769 
Meat 36 290 (41-1144) 377 (311) 37 259 (21-766) 313 (208) 0.423 
n-3 37 261 (18-1134) 367 (358) 37 215 (9-693) 255 (206) 0.058 
MeHg exposure (µg/week)           
All 115 18 (2-101) 28 (29) 116 15 (2-53) 20 (17) 0.007↓ 
Fish 42 20 (3-123) 33 (35) 42 16 (2-62) 23 (22) 0.050 
Meat 36 17 (1-98) 26 (25) 37 19 (2-52) 21 (13) 0.863 
n-3 37 13 (0-83) 24 (25) 37 11 (0-45) 16 (15) 0.012↓ 
THHg (µg/kg)           
All 115 127 (6-444) 168 (165) 116 138 (6-502) 192 (215) 0.112 
Fish 41 150 (7-589) 188 (175) 42 176 (5-828) 237 (269) 0.193 
Meat 37 127 (7-717) 177 (191) 37 139 (6-556) 194 (212) 0.394 
n-3 37 102 (5-358) 137 (120) 37 115 (6-471) 140 (125) 0.603 
ΔTHHg (µg/kg)              
All       115 2 (-130-169) 13 (86) 0.914a 
Fish       41 4 (-104-217) 19 (77)   
Meat       37 2 (-124-212) 17 (102)   
n-3       37 2 (-154-129) 3 (78)   
*Wilcoxon signed rank-test for within-group comparison from pre- to post-intervention     
aKruskal-Wallis test for between-groups comparison of differences         
↓Significantly (p<0.05) decreased exposure from pre- to post-intervention       
Abbreviations: FFQ, food frequency questionnaire; MeHg, methylmercury; n-3, omega-3; THHg,  
total hair mercury; SD, standard deviation   
 
 Compliance of intervention 
Skotheim et al. (79) reported a significant difference in dietary compliance between the three 
groups when looking at the full FINS-TEENS study population (n=431). Mean intake of study 
meals in the fish group was significantly lower than in the meat group and n-3 supplement group. 
In the fish group, 37% consumed half or more (intake score ≥ 72) of the intervention meal, 





found to be true in this selection of the FINS-TEENS study population (n=116): only 33% in the 
fish group consumed half or more of the intervention meals, compared to 57% in the meat group 
and 95% in the n-3 group. When statistical analysis were carried out with a theoretical compliance 
of 100% several more significant results were observed: significant differences in seafood 
consumption between the fish group and meat group (p=0.002) and the fish group and n-3 group 
(p<0.001), as well as significant differences in estimated MeHg exposure between the fish group 
and n-3 group (p=0.040).  
 
 Hg contents of study meals 
Mean (SD) Hg content was 0.7 (0.5) µg/100g in fish meals (n=27) with values ranging from <0.2-
1.75 µg/100g. In meat meals (n=26), mean Hg content was 0.2 (0.03) µg/100g with values ranging 
from <0.2-0.3. A large variation could be seen in Hg contents depending on the fish species used 
in the study meals; Fish meals with salmon all had Hg contents <0.52 µg/100g, meals with herring 
had 1.09-1.52 µg Hg/100g, and meals with mackerel had 1.66-1.75 µg Hg/100g. Meals with 
salmon were served by far the most times and were also the fish meals with the highest compliance.  
 
 Total hair mercury concentration (THHg) 
Out of 232 analyzed hair samples, 69% (n=161) had Hg values below the calibrated area (1.5 ng-
1000 ng). Out of the samples below the calibrated are, 90% had a lower sample weight than the 
recommended 10-20 mg for the DMA-80, whereas 71% of the samples within the calibrated area 
(n=70) weighed <10 mg. 15.9% (n=37) of the analyzed hair samples had values below LOQ (0.08 
ng), and one hair sample (0.4%) was reported as “out of range” in the DMA-80 and was hence a 
missing value. 
 
 THHg pre-intervention 
Median THHg concentration in the study population pre-intervention was 127 µg/kg, 150 µg/kg 
in the fish group, 127 µg/kg in the meat group and 102 µg/kg in the n-3 group (Figure 14, Table 
9). Values ranged from 4 to 973 µg/kg and all values were below the 1000 µg/kg reference dose 
set by USEPA (see paragraph 1.3.7). No significant differences were found in THHg 






Figure 14: Boxplot of median total hair mercury concentrations (µg/kg) in the three intervention 
groups (n=115) pre-intervention 
The blue line represents the 1000 µg/kg RfD set by USEPA. The horizontal lines through the boxes represent the 
median value, the lower and upper boundaries of the boxes represent the IQR, the whiskers represent the smallest and 
largest values in the distribution. According to the software the circles represent outliers (>1.5 box-lengths from edge 
of box) and the stars represent extreme outliers (>3 box-lengths from edge of box). 




 THHg post-intervention 
No significant change in THHg from pre- to post-intervention was found in the population 
(p=0.112), nor in the fish, meat or n-3 intervention groups (p=0.193, 0.394, 0.603) (Table 9). 
Median THHg concentration in the study population post-intervention was 138 µg/kg, 176 µg/kg 
in the fish group, 139 µg/kg in the meat group and 115 µg/kg in the n-3 group (Table 9). Values 
ranged from 5 to 1442 µg/kg, with two values being above the 1000 µg/kg reference dose set by 
USEPA, 1173 µg/kg (meat group) and 1442 µg/kg (fish group) (Figure 15). Pre-intervention 
THHg concentrations of these two participants were 973 µg/kg (meat group) and missing value 
(fish group), and they reported a fish consumption of 566 g/week (meat group) and 381 g/week 






There was no significant difference in THHg concentrations between the three intervention groups 
post-intervention (p=0.241). A one-way analysis of covariance (ANCOVA) was also performed 
for between-group comparison of THHg concentrations post-intervention with adjustment for 
THHg concentrations pre-intervention. This was done both with and without log-transformed data 
of THHg concentrations pre-intervention, but results, not shown in table, did not differ from 
unadjusted results (p=0.689 and 0.623), implying no difference between the groups.  
 
Figure 15: Boxplot of median total hair mercury concentrations (µg/kg) in the three intervention 
groups (n=116) post-intervention 
The blue line represents the 1000 µg/kg RfD set by USEPA. The horizontal lines through the boxes represent the 
median value, the lower and upper boundaries of the boxes represent the IQR, the whiskers represent the smallest and 
largest values in the distribution. According to the software the circles represent outliers (>1.5 box-lengths from edge 
of box) and the stars represent extreme outliers (>3 box-lengths from edge of box). 
Abbreviations: IQR, interquartile range; RfD, reference dose; USEPA, The United States Environmental Protection 
Agency 
 
 Effects of intervention on total hair mercury concentration 
No significant differences were found in the median change (Δ) in THHg concentration from 
pre- to post-intervention between-groups (p=0.914). A small insignificant median variation could 






 Correlation between seafood consumption, estimated MeHg exposure 
and total hair mercury concentration 
Pre-intervention, correlations were assessed between THHg concentration and reported seafood 
consumption, and the estimated MeHg exposure calculated from FFQ, using Spearman Rank 
Order Correlation for non-parametric data. There was a medium (81) positive correlation between 
total seafood consumption and THHg concentration (R2=0.052) with a rank correlation, r, of 0.361 
(p<0.01). There was also a medium positive correlation between estimated MeHg exposure and 
THHg concentration (R2=0.035) with a rank correlation of 0.33 (p<0.01). Scatterplots 















Figure 16: Grouped scatterplot displaying the association between total weekly seafood consumption 
(g) and total hair mercury concentration (µg/kg) pre-intervention 
Abbreviations: THHg, total hair mercury 
 
An outlier from the fish group with an extremely high reported seafood consumption of 2414 
g/week can be observed in Figure 16. When examining this participant’s FFQ more thoroughly, 





possible to consume such large amounts of seafood per week. Post-intervention, this participant 
reports a smaller seafood consumption of 247 g/week, which is much more plausible. When this 
participant was removed from the correlation analysis however, it did not lead to any big 
changes; There was still a medium positive correlation between total seafood consumption and 











Figure 17: Grouped scatterplot displaying the association between estimated methylmercury 
exposure (µg/kg bw/week) and total hair mercury concentration (µg/kg) pre-intervention 
The dashed line represents the TWI set by EFSA, 1.3 µg/kg bw/week (see paragraph 1.3.6), the firm line represents 
the 1000 µg/kg RfD for THHg set by USEPA (see paragraph 1.3.7) 
Abbreviations: EFSA, European Food Safety Authority; MeHg, methylmercury; RfD, reference dose; THHg, total 
hair mercury; TWI, tolerable weekly intake; USEPA, The United States Environmental Protection Agency 
 
 
Post-intervention, correlations were assessed between total seafood consumption including intake 
from study meals and THHg concentration in the study population and in all three intervention 
groups. There was a medium positive correlation overall (R2=0.083) with a rank correlation, r, of 
0.364 (p<0.01). There were medium positive correlations in the meat and n-3 groups (r=0.361 







Figure 18: Grouped scatterplot displaying the association between total weekly seafood consumption 



























In this thesis, the aim was to investigate the association between dietary seafood consumption 
and concentration of THHg in adolescents. The FINS-TEENS RCT was explored for this 
purpose, in which adolescents received fish or meat meals for lunch, or n-3 supplements, three 
days a week, for 12 weeks, and FFQ and hair samples for THHg analyses were collected pre- 
and post-intervention. Habitual seafood consumption and MeHg exposure were estimated based 
on FFQs, THHg concentrations of hair samples were determined using a DMA-80, and changes 
in all three parameters from pre- to post-intervention were measured. Mainly, the results showed 
no significant effects of the intervention on seafood consumption, MeHg exposure or THHg 
concentrations in the fish group. The results as well as methodological considerations, strengths 






 Reported seafood consumption among adolescents 
The median weekly seafood consumption (277 g/week) at baseline found in this study was below 
the recommended 300-450 g/week. Only 35% of the adolescents reported having a seafood for 
dinner consumption in accordance with the recommendations of 2-3 times a week or more (1). 
This consumption could mean that during important years of growth and development, stepping 
into adulthood, this group may have insufficient intakes of important nutrients provided by 
seafood (4). The conclusion that consumption of seafood is seemingly too low in the Norwegian 
population and especially among adolescents is not a new one, but in line with previous national 
dietary surveys, “Norkost 3” and “Ungkost 3” (2, 16). The reported weekly seafood consumption 
was greater than what was reported by the 8th graders in “Ungkost 3” (168 g/week) (2). 
 
The reported seafood consumption was still higher compared to other European adolescents (17, 
18, 20), Scandinavian adolescents (19, 97) and children (98, 99). This is in line with previous 
research concluding that seafood consumption is generally greater in Norway than in many other 
European countries, despite being below the national recommendations (100-102). The reported 
seafood consumption of the present FINS-TEENS study population (n=115) is similar to the 
reported consumption in the total FINS-TEENS study population (n=414), both as dinner (1.4 
(0.9) (mean(SD)) versus 1.5 (0.9) times/week) and as spread (0.6 (0.9) versus 0.6 (1)) which was 
reported by Handeland et. al in 2018 (103). In comparison with Norwegian studies in other age 
groups, the reported FINS-TEENS seafood consumption was lower; 49% of the children (4-6 
years old) in the FINS-KIDS study from 2018 followed the recommendations on seafood for 
dinner 2-3 times a week, according to their caregivers, and so did 43% of the participants in the 
Mommy’s Food study (63, 104). 
 
As reported by Skotheim et. al, the mean amount of fish served per meal in FINS-TEENS was 71 
g, equivalent to 213 g/week (79). Due to low compliance, only a median of 79 g/week was 
consumed by the participants in the fish group. The lack of significantly increased total seafood 
consumption post-intervention in the fish group, could be due to a decrease in seafood 
consumption from the background diet as a consequence of the study. According to their FFQ 





intervention (p=0.03). One could expect that a group of adolescents who generally consume not 
much seafood, do not really like seafood that much, and would downsize the frequency of 
seafood consumption at home as a result of an increased consumption at school. Still, the 
changes in reported weekly seafood consumption from pre- to post-intervention did not differ 
significantly between the three groups, though a significant difference in seafood consumption 
results between the fish and n-3 group was observed post-intervention (p=0.013). Equally 
plausible, the observed changes could be due to the uncertainty in the FFQ method associated 
with multiple administrations of the questionnaire.   
 
 Estimated MeHg exposure among adolescents 
The significant decrease in estimated MeHg exposure post-intervention in the study population 
and n-3 group, and borderline significant decrease in the fish group, is a somewhat peculiar find, 
as MeHg estimates are calculated based on reported seafood consumption, which did not 
significantly decrease in those groups. When analyzing only the FFQ post-intervention not 
including study meals, though, a significant decrease in seafood consumption was found in the 
study population (p=0.001). Though this, too, is somewhat surprising, it could possibly explain 
the decreased MeHg exposure. The borderline significant decrease in estimated MeHg exposure 
in the fish group (p=0.05) could also be a result of the significant decrease in reported seafood 
consumption from the background diet, as well as the fairly low MeHg content of the fish 
species served in the study meals.  
 
The estimated median MeHg exposure in the study population (0.3 µg/kg bw/week) was similar 
to the median MeHg exposure estimated in Mommy’s Food (0.29 and 0.26 µg/kg bw/week pre- 
and post-intervention, respectively) and twice the calculated exposure of the mothers in the 
Norwegian Mother and Child Cohort Study (MoBa) (0.14 µg/kg bw/week) (63, 105). But in both 
studies stronger correlations between seafood consumption and blood or hair Hg concentration 
were found, which could mean the accuracy in the FFQ responds on seafood consumption was 
better than in the FINS-TEENS study. The national dietary survey “Ungkost 3” concluded that 
among 8th graders the survey seemed to present a more favorable average diet than what is the 





foods, such as seafood, is a potential issue in FINS-TEENS as well, as reported seafood 
consumption was even greater here than in “Ungkost 3”.  
 
The median and mean weekly estimated MeHg exposures were well below the limits of tolerable 
intakes (1.3 and 1.6 µg/kg bw/week) both pre- and post-intervention (52, 53). These exposure 
levels are considered safe, and further confirm that in the amounts consumed by the Norwegian 
adolescents represented in this study, the potential risks of MeHg in seafood are minor and 
outweighed by the benefits (4). The meat group was the only group where any MeHg from other 
sources than seafood was represented, as levels from the meat study meals were included in the 
calculations. Exposure from other food products than seafood is normally considered negligible. 
Including these amounts in the estimated total exposure, and still observing such low median 
exposure levels, further strengthen the claim that MeHg levels in the diet present negligible risks 
and are not of great concern in the levels consumed in the present study.  
 
At the individual level, eleven and four participants had estimated MeHg exposure levels 
exceeding EFSA’s TWI pre- and post-intervention, respectively. There is reason to believe that 
at least some of these are due to overreporting of unrealistic weekly seafood consumption, or 
other report errors, especially pre-intervention, as most of these participants reported much lower 
seafood consumption post-intervention. 
 
 Total hair mercury concentration in adolescents 
The mean and median THHg concentrations reported in this thesis (168 and 127 µg/kg pre-
intervention, 192 and 138 µg/kg post-intervention) were far below the USEPA reference dose of 
1000 µg/kg. Only two subjects, one from the meat group and one from the fish group, had THHg 
concentrations exceeding the RfD post-intervention, compared to none pre-intervention. The 
participant from the meat group increased THHg concentration from 973 µg/kg pre-intervention 
to 1173 µg/kg post-intervention, equivalent to an increase of 20% which could be only due to the 
±20% accuracy of the DMA-80 method. The participant from the fish group had a concentration 
of 1442 µg/kg post-intervention, but a missing value pre-intervention, which makes it difficult to 





design reported a mean THHg of 374 µg/kg at baseline (n=210), with values ranging from 15-
1017 µg/kg, as well as a significant increase in THHg post-intervention in the fish group (37). This 
is more than twice the mean of baseline results from this thesis and could be due to the higher 
habitual seafood intake. The significant increase in THHg post-intervention could be attributed to 
a higher compliance to the study meals in the FINS-KIDS study. Also, participants in the FINS-
KIDS study only received herring and mackerel which contain more Hg than farmed salmon, 
which was the species served most times in the FINS-TEENS study. 
 
Compared to the studies on European adolescents in Table 1 and the Norwegian studies Mommy’s 
Food  and Little in Norway on mothers and their infants, the mean and median values on THHg 
reported in this thesis are considerably lower (63-70). Also, concentrations were, not surprisingly, 
much lower than concentrations observed in places where the population is chronically exposed to 
moderate Hg levels because of high consumption of seafood, such as Amazonia (Brazil), 
Seychelles, Faroe Island and New Zealand with THHg concentrations ranging from 1850-6090 
ug/kg (60, 106-108). 
 
The lack of the hypothesized significant increase in THHg concentration post-intervention can 
possibly be due to the low compliance in the fish intervention group. Only 33% consumed half or 
more of the intervention meals, and the compliance was lowest when the meals with the highest 
Hg contents (mackerel and herring) were served. As we already know, the age group represented 
in this study population generally consume little fish, and dietary compliance becomes a challenge 
especially when trying to intervene with food groups that are not already preferred by the test 
subjects (78). Table 9 shows a trend towards increased THHg concentration and ΔTHHg post-
intervention, though not significant. As estimated MeHg exposure decreased significantly, or 
borderline significantly, in all groups but the meat group, this can further indicate the relatively 
weak correlation between FFQ responds used for estimating MeHg and THHg concentration.  
 
Considering the hazardous effects of MeHg (21, 22), low THHg concentrations are favorable. But 
as THHg concentrations are shown to correlate positively with seafood intake both in this study 
and previous studies (37, 45), low values may indicate, as here, a lower seafood consumption than 





accordance with the dietary recommendations (2-3 times/week) outweigh the risks of 
contaminants, an increased seafood consumption in this population group is desired to reach these 
recommendations, despite the fact that this will most likely also increase their THHg 
concentrations (1, 4). Considering the results from this thesis, it is plausible to assume that most 
adolescents would still have THHg concentrations well below the RfD. 
 
 Methodological discussion 
 Study design 
Choosing a suitable design to match the research question and aim is crucial in any study being 
conducted. Here, a study originally designed to investigate the effect of an intervention with oily 
fish, meat or n-3 supplements on cognition in adolescents was used to assess the effect of seafood 
consumption on THHg concentration (79). If the study were designed to assess seafood 
consumption and change in THHg concentration primarily, the choice of fish species might have 
been different, as oily fish, which was used in FINS-TEENS, overall has a lower Hg content than 
lean fish (Figure 2). Therefore lean fish might have had a greater impact on THHg concentrations 
in such an intervention (47). Also, VKM has reported that lean fish is the main source of MeHg in 
Norway (4). The fish study meals containing the highest amounts of Hg, the mackerel meals, were 
also reduced in serving frequency during the study after reports that it tasted bad, further decreasing 
the amount of Hg participants were exposed to. The power calculation was also based upon other 
primary outcomes than THHg. Generally, a study design not chosen with the aims of this thesis as 
the main outcome, is a limitation to results and conclusions presented here. On the other hand, the 
RCT design of this study, with individual randomization to reduce the influence of confounding 
factors and systematic errors is considered a strength.  
 
Conducting an RCT with dietary interventions is difficult for several reasons; it makes it 
impossible for participants to be blinded as to which food they are receiving, increasing the risk of 
bias (109). Adding food to someone’s diet will also lead to a decrease in other food groups, and 
this is difficult to control or measure and could influence the results. For example, what the 
participants with low compliance to the study meals chose to eat for lunch instead is an interesting 





would have been affected by this. RCTs with dietary interventions are also vulnerable to the food 
preferences of participants which can increase the risk of attrition bias. Handeland (78) reported 
that when conducting the study, the meat group was more popular being allocated to than the fish 
and n-3 supplement groups. Therefore, there is a real chance that dropouts from the fish group did 
not like fish and had a lower baseline seafood consumption than the median consumption presented 
here, though no measures were taken to confirm or deny this hypothesis. 
 
As all three groups in the study received some sort of intervention, the FINS-TEENS study design 
lacks a pure control group which could have unveiled a potential placebo effect of the 
interventions. The meat group was seen as a control to the fish group as intervention meals were 
nearly identical except for the fish or meat. Whereas supplements were given to the third group 
mainly to discover if effects of fish meals were due to the combination of nutrients in the fish or 
mainly the LCPUFAs, which are also present in n-3 supplements (78). But as neither meat nor n-
3 supplements contain significant amounts of Hg, one would not expect a pure control group to 
contribute to a change in THHg concentrations in the case of this thesis. Therefore, considering 
the meat and n-3 group as control groups seems sufficient. Also, having a group of adolescents 
completely avoid fish and/or meat for 12 weeks to provide for a pure control group would be 
unethical and unfeasible.  
 
Although there originally was a large sample size in the FINS-TEENS study (n=443), which is a 
strength, the unforeseen problems with the DMA-80 instrument during the work with analyses for 
this thesis led to a considerably lower sample size (n=116) which was not ideal. Within this new 
study population, the analyzed participants represented only five of the eight participating schools. 
For this reason, the results cannot be extrapolated and generalized in the same way they might 
have if analyses had been done on the entire FINS-TEENS population. Still, a strength was that 
coincidently the sizes of the three intervention groups ended up being similar. Also, no differences 
were found in baseline characteristics between the groups and compliance was similar to the 
compliance in the entire FINS-TEENS population, meaning a potential real effect of the 






The large proportion of 9th graders choosing not to attend in the study might have increased the 
possibility of selection bias (78). Handeland stated that though data on socioeconomic status 
among non-attendees were not available, a higher mean educational level was found among FINS-
TEENS participants’ parents than in the average population in Norway, and the same was true for 
the smaller study sample in this thesis (110). As healthy habits are shown to be positively 
associated with socioeconomic status, there is a possibility that the study sample was healthier, 
e.g. ate more fish at baseline, than non-attendees, and further affected the results from the dietary 
assessment in this thesis (111, 112). If this was the case, the result would be that the reported 
seafood consumption would be an overestimation not representative for the general population. 
The conclusion would still be the same; seafood consumption is lower than recommended among 
adolescents.  
 
The observed variation in the mean content of fish/meat in intervention meals and especially the 
lower mean weight of fish (71 g) than first assumed and desired (80-100 g) presents limitations to 
the study. This could have impacted the amount of Hg the participants were exposed to yielding 
lower THHg concentrations than if the meals had contained more fish. Though, with the low 
compliance in mind, it is doubtful that this would have had a significant impact on THHg 
concentrations post-intervention. On the other hand, having analyzed the study meals for both 
nutrient and contaminant contents, including Hg, is a strength and an important safety measure 
when performing such an intervention. 
 
Whether the duration of a study is sufficient to observe a clinically significant change in the 
parameters being measured, is always an important question to address. For this thesis, measuring 
THHg, 12 weeks can be expected to be enough to provide a potential change in THHg 
concentration, considering the growth rate of hair and the time it takes for new hair strands to form 
in the follicle (84). With this in mind, one can assume that a longer-lasting intervention would not 
have made an impact, as the length of hair used for analyses would have been the same (2 cm 








 Dietary assessment 
 Seafood consumption 
Other papers from FINS-TEENS have been based upon both validated and not validated questions 
from the FFQ. The FFQ questions analyzed for this thesis, concerning seafood consumption only, 
have been validated previously (78, 113) and a validated seafood index was used to calculate 
seafood consumption (89) which is a strength. It is a well-known fact that respondents are prone 
to over- and underestimating of food intake in FFQs, especially over-reporting healthy foods like 
seafood. With this in mind, validating these results by also using a different method for dietary 
assessment, such as a 24-hour recall would have been optimal (72, 73, 90, 91). Still, compared to 
a 24-hour recall, the FFQ covers a longer time-period which is relevant when addressing 
micronutrient intake and contaminant exposure. By using a 24-hour recall assessing dietary intake 
of specific food groups or micronutrients, one could risk the recall covering a day when 
respondents have not eaten the food in question (here; seafood), which would lead to an 
underestimation of MeHg exposure. On the other hand, if the 24-hour recall coincidently covered 
a day the respondent ate a lot of fish, the opposite could happen, resulting in an overestimation of 
seafood consumption and MeHg exposure. If combining the FFQ with a 24-hour recall were to be 
a feasible option, multiple administrations of a recall would have been necessary, imposing a 
greater burden on participants, and possibly further a decrease in compliance. 
 
The lack of stronger correlations between seafood consumption and MeHg exposure results from 
the FFQ and THHg concentration could be due to a low reproducibility in the FFQ method and 
possibly unreliable responses from the adolescents. The uncertainty of the method can have 
increased if adolescents lacked the motivation to complete the task properly and thoroughly. A 
stated higher seafood consumption than what was the reality might have led to an overestimation 
of MeHg exposure as well, which further resulted in smaller correlations with THHg 
concentration. 
 
A limitation and challenge with the FFQ questions analyzed for this thesis was the lack of pre-
defined portion sizes (Appendix II). The national recommendations on seafood consumption are 
formulated both in terms of frequency and grams, but this FFQ was based on frequencies alone; 





product, without providing information on their average portion sizes. The use of standard portion 
sizes defined by the Norwegian directorate of health raises uncertainty with regard to accuracy. 
Results could especially be prone to overestimation as these are portion sizes for adults, whereas 
the FINS-TEENS participants were 14-15 years old and were likely to have smaller portion sizes. 
It is difficult to determine the importance of combining frequency with amount (portion size) in 
FFQs, as some researchers have reported that the between-person variations in portion size are 
smaller than the variation in frequency, and that frequency alone might be sufficient for estimating 
dietary intakes (114, 115). Still, as the size of the study meals (average 71 g fish) was smaller than 
the standard portion sizes used for calculations from FFQ (150-200 g) this further confirms the 
lack of predefined portion sizes being a challenge. Even with small meal sizes, compliance in the 
fish group was very low, further promoting the suspicion that results might be prone to 
overestimation. 
 
 Estimated MeHg exposure from seafood consumption 
Levels of Hg in seafood vary greatly both between and within species, which raises uncertainty 
to the values retrieved and used for calculations to estimate MeHg exposure of the participants in 
this study. In addition, we lack data on Hg contents of some seafood species and fish products. 
The FINS-TEENS FFQ also had some questions which did not differentiate between several 
species. In these cases, the Hg content of another seafood species was used, in accordance with 
VKM 2015 (4), the mean Hg content of multiple species was used, or one species was chosen to 
represent the multiple species listed in the FFQ questions, providing only an estimate at best. The 
observed medium positive correlation between estimated MeHg exposure and THHg 
concentration could indicate an acceptable estimation despite these uncertainties, though a 
stronger correlation would have been even better. As previously mentioned, the lack of stronger 
correlations with THHg could be due to inaccurate FFQ responds in the form of over- and/or 
under-reporting of seafood consumption, but also due to biological differences between 
participants, cooking methods or other MeHg exposure sources than seafood (dietary sources, 
dental amalgam, environmental sources etc.) (31, 33). However, other sources are expected to 
provide insignificant exposures of MeHg, not affecting THHg concentrations considerably (24, 
32, 38, 44). An over-reporting of seafood consumption in the FFQs or overestimation of portion 





known challenge, also observed in this age group (2).  
 
 Analysis of total hair mercury concentration 
Human errors might have affected the results from the DMA-80 analysis. For this thesis, the initial 
collecting of hair near the scalp was done by different collectors post-intervention in 2015, and the 
measuring and cutting of the two cm of hair used for THHg analysis were done by two different 
people in 2017 and 2018. As LeBeau et al. reported (84), inconsistencies in the cutting of hair next 
to the scalp between different collectors and in-between collections done by the same collector, 
are common. This, together with the variability in human head hair growth rate between 
individuals, affects the interpretation of quantitative segmental analysis of hair (84). But as the 
collectors in this study cut participants from all three groups, not just one, and results are presented 
on a group level the impact of these factors are expected to be leveled out.  
 
The assumption that the cut end is from right next to the scalp combined with potential unevenly 
cut ends which are aligned and assigned a “zero” value for analysis will lead to an underestimation 
of the time range the hair sample represents. Also, assuming one particular growth rate for all 
participants in the study could lead to skewed conclusions, as a faster growth rate will lead to less 
Hg being accumulated and vice versa (37). Still, the timeframe that hair samples were assumed to 
represent in this thesis (5.2±0.8 to 12.4±1.6 weeks prior to collection), was based upon LeBeau et 
al.’s calculations which consider the results from their study and take the observed variabilities 
into account. They also recommend an 8-week delay between the exposure period and the 
collection of hair to minimize the effects of these variabilities. Because the intervention period of 
FINS-TEENS was 12 weeks before collecting new hair samples, one can assume this 
recommendation was complied with. Such inter-individual variation should be similar across all 
intervention groups following the randomization and the large FINS-TEENS study population size 
(n=443) which can strengthen conclusions based upon these results, but as the population size was 







As analyses used for this thesis were performed by two different people, a year apart, different 
DMA-80 calibrations were used. Also, plotting of hair sample weight, ID-numbers, and THHg 
results were done manually, further increasing the risk of human error. Despite being analyzed a 
year apart, and by two different people, it is a strength that pre- and post-intervention hair samples 
from the same participant always were analyzed in the same analysis series to avoid the effect of 
day-to-day variations in the method, and so were samples from at least two different schools. 
 
Out of all the analyzed hair samples, 69% had Hg concentrations below the validated area of the 
DMA-80 which leads to an increased uncertainty of the results of these samples with this method. 
THHg is computed using the calibration curve and the weight of the sample which is manually 
plotted into the machine. The uncertainty of the method depends on the amount of weighed-in 
sample and the homogeneity of the sample. In other words, the amount of hair, the weight, will 
highly affect whether results are within the calibrated area or not. In this thesis, the mean weight 
of hair samples (7 mg) was lower than the ideal weight for the DMA-80 validated area (10-20 mg), 
and some weighed considerably lower, as low as 1.9 mg. Thus, the high percentage of samples 
with results below the calibrated area is likely to be greatly due to too small hair samples. The 
collectors of hair were told to cut a 2-5 mm bundle but could inform that often they went for the 
lowest amount (~2 mm), as many of the study participants were concerned about losing too much 
hair. Setting a standard sampling size to 5 mm for future studies of THHg may help with the 
aforementioned challenge and could ensure large enough hair samples to reduce the number of 
results below the validated area. For results in this thesis though, the initial ±20% uncertainty of 
the method was further increased by many samples being outside the calibrated area and many 
samples having a low sample weight. Still, it can be argued, that it is not entirely unlikely that 
adolescents actually do have very low THHg concentrations considering the known low seafood 
consumption in this age group (2). 
 
Though hair analyses with DMA-80 is an accepted and validated method for measuring Hg 
concentrations, the fact that the instrument stopped working during analysis and was deemed 
impossible to repair, further contributes to increased uncertainty regarding the validity of the 






This thesis provides insight on the seafood consumption, estimated MeHg exposure and THHg 
concentrations of the Norwegian adolescents represented in the present study. An intervention 
with oily fish did not lead to the expected increase in the aforementioned consumption, exposure 
and concentration, although a significant higher seafood consumption was observed in the fish 
group compared to the n-3 group post-intervention. Also, an unexpected significant decrease in 
estimated MeHg exposure was observed in the study population and n-3 subgroup post-
intervention. Therefore, according to our findings, we must reject the hypothesis that adolescents 
in the fish group have increased seafood consumption, MeHg exposure and THHg concentration 
compared to the meat and n-3 groups following an intervention with oily fish, at least for this 
selection of the FINS-TEENS study population (n=116). 
 
Median seafood consumption was below the recommendations, median estimated MeHg 
exposure was well below EFSA´s TWI and median THHg concentration was well below 
USEPA´s reference dose. Seafood was shown to contribute moderately to THHg concentration 
and MeHg exposure as a positive correlation was found between THHg concentration and 
seafood consumption, and THHg concentration and estimated MeHg exposure.  
 
These findings further support VKM´s 2014 claim that in the amounts consumed in this study, 
the seafood consumption among Norwegian adolescents is of no concern in regard to mercury 
exposure (4). The results also show there is a need for increased awareness and education among 
adolescents in reference to the importance of seafood in the diet. An increased seafood 
consumption among the adolescents will provide them with several beneficial nutrients 
important for a better nutrient status. Dietary interventions are difficult to implement, perhaps 
especially in this particular age group and compliance is a real challenge, affecting the 
interpretation of the results.  
 
 Future perspectives 
Future intervention studies investigating seafood consumption, MeHg exposure and THHg 





fish, with higher MeHg contents than the fish used in this study (4). Such studies should be based 
on methods which make it possible to calculate the weekly seafood consumption of participants 
more precisely than what was possible here. A larger study population should be included, to be 
able to generalize findings to a greater extent than in this thesis (n=116). Also, studies 
investigating THHg concentrations in adolescents should be conducted in populations with 
higher habitual seafood consumption. Preferably, intakes matching the dietary recommendations 
from the health authorities, though this is seemingly hard to accomplish with Norwegian 
adolescent´s low average seafood consumption in mind. More knowledge is needed on the 
effects of MeHg when exposed to amounts in agreement with the recommended seafood 
consumption, not only consequences of extreme exposure from poisonings (28, 40-42), or the 
lack of negative effects following seafood consumption below the dietary recommendations, as 
in this thesis. Also, the effect different cooking methods has on MeHg levels in seafood is an 
interesting field of ongoing research, which can also affect future analysis and interpretation of 
results (31). Finding a more certain threshold for MeHg exposure and thereby also seafood 
consumption without experiencing negative consequences, is desired. 
 
The rest of the FINS-TEENS hair samples will be analyzed for THHg concentrations in the 
future and provide results on the entire study population, which will hopefully allow 
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Appendix I: Form of request and consent for participation in the FINS-TEENS study 
Appendix II: Food frequency questionnaire (FFQ) used pre- and post-intervention 









































































































































































































































































































































































































































































































































































Appendix III: Questionnaire completed by participant’s caregiver(s) 
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